Abstract. Because of the discovery of a spotted fever group rickettsiosis with signs and symptoms similar to dengue fever in Yucatán, Mexico, immunofluorescence assay (IFA) serology was performed on sera from 390 persons selected from a representative geographic distribution of rural Yucatán to detect antibodies reactive with Rickettsia rickettsii, R. akari, a Thai strain (TT-118) that is most closely related to a rickettsia identified in Amblyomma cajennense ticks in southern Texas, and R. typhi. The IFA antibodies at titers Ն 1 : 64 against R. akari were detected in 22 (5.6%) of the samples with the expected cross-reactivity against the other antigens of the spotted fever group. Immunoblotting with antigens of R. akari identified antibodies against antigens of spotted fever group lipopolysaccharides and not against rickettsial outer membrane proteins A and B, which contain the species-specific epitopes. A rickettsiosis most likely caused by a relative of R. akari appears to be both prevalent and widely distributed geographically in Yucatán.
Rickettsioses are caused by small, gram-negative, obligately intracellular bacteria of the family Rickettsiaceae. 1 In Mexico during the decades from 1930 to 1950, cases of Rocky Mountain spotted fever were observed in Coahuila, Durango, San Luis Potosi, Sinaloa and Sonora, where the vector was identified to be Rhipicephalus sanguineus. [2] [3] [4] Additionally, the isolation of a spotted fever group (SFG) rickettsia was reported from Amblyomma cajennense found in Veracruz. 5 Furthermore, a study performed in 1993 in patients from Jalisco and Yucatan who were suspected clinically to have dengue fever, but did not develop antibodies to dengue viruses, showed that 40% of the cases were serologically an endemic rickettsiosis. Those sera contained IgM antibody titers equal to or greater than 1/128 reactive with Rickettsia rickettsii and/or R. akari. 6 Recently, an SFG rickettsia was identified in A. cajennense ticks in southern Texas that is most clearly related to a strain (TT-118) that had been isolated from a pool of larval Rhipicephalus and Ixodes ticks from Thailand. 7, 8 DNA sequence analysis subsequently demonstrated that the southern Texas rickettsia and strain TT-118 are both R. honei, the etiologic agent of Flinders Island spotted fever in Australia. 9 Amblyomma cajennense, A. immitator, A. mitens, and Boophilus microphus are the most prevalent ticks encountered in the State of Yucatán. 10 Based on the previous study, the objective of the present work was to determine the prevalence of antibodies to the genus Rickettsia in humans in the State of Yucatán.
MATERIALS AND METHODS

Sera.
The sample was established according to a statistical design using the software Epi-Info 6.02 (Centers for Disease Control and Prevention, Atlanta, GA and World Health Organization, Geneva, Switzerland), based on a previous study. The confidence level was 95%, the standard error was 5%, and the estimated seroprevalence was 50%, the estimate that would require the largest sample size. The study was approved by the Ethics Committee of the Universidad de Autonoma de Yucatan. The subjects signed a consent form before samples were collected. A description of the study, risks, benefits, confidentiality, and subject's rights were clearly stated on the form. Because the geographic distribution of this zoonosis was considered as rural, 390 sera were collected from apparently healthy volunteers living in 60 of the 106 different towns within the state, including some colonias around the capital city, Merida, and settlements of low resources. Collected blood was allowed to clot at room temperature and then centrifuged, and the serum was separated and stored at Ϫ20ЊC until examination.
Indirect immunofluorescence. Rickettsia rickettsii (Sheila Smith strain), R. akari (Kaplan strain), R. typhi (Wilmington strain), and Thai tick typhus rickettsia (TT-118) were propagated in Vero cell monolayers at 37ЊC in 150-cm 2 cell culture flasks with minimal essential medium supplemented with 1% bovine calf serum. Infected cells were harvested, centrifuged (440 ϫ g for 30 min), suspended in 0.1 M phosphate-buffered saline (PBS; 150 mM NaCl, 3 mM Na 2 HPO 4 , 1 mM KH 2 PO 4 , pH 7.2) containing 5% fetal bovine serum and 1% sodium azide, and stored overnight at 4ЊC. Ten microliters of suspension were applied onto each well of 12-well antigen slides, air-dried, fixed in acetone for 10 min and stored at Ϫ20ЊC until used. 11 Sera were analyzed at a 1/64 dilution with PBS-3% nonfat powdered milk. Ten microliters of diluted sera were added onto each well of the antigen slides, which were incubated for 30 min in a humid chamber. The slides were rinsed once and washed in PBS-0.05% Tween 20 for 10 min. Fluorescein isothiocyanateconjugated goat anti-human IgA, IgG, and IgM (heavy plus light [H ϩ L] chain) (Kirkegaard & Perry Laboratories, Inc., Gaithersburg, MD) at an optimal working dilution of 1/40 was used as the secondary antibody. After incubation, the slides were rinsed once in PBS and then washed in PBS-0.05% Evans blue for 10 min. The slides were mounted with 90% glycerin in PBS under coverslips and observed under epifluorescence with an ultraviolet microscope (Nikon, Inc., Garden City, NY) at 400ϫ magnification. Maximum titers were determined by examination of serial 2-fold dilutions.
Electrophoresis. Rickettsiae were separated from Vero cell components by sonication and renografin density gradient centrifugation. 12 The rickettsial organisms examined were the same as for the immunofluorescence assay (IFA) mentioned earlier. The antigens for sodium dodecyl sulfate- polyacrylamide gel electrophoresis (SDS-PAGE) were diluted in two volumes of sample buffer (4% SDS, 0.0625M Tris, 10% glycerol, 5% 2-mercaptoethanol, 0.001% bromophenol blue) either at room temperature or at 100ЊC for 5 min. 13, 14 Separation was performed using a 4.5% stacking gel and a 7% separating gel. Additionally, to determine the specific seroreactivity to rickettsial lipopolysaccharide (LPS) bands, the purified antigens were digested with proteinase K (type XI: Sigma Chemical Co., St. Louis, MO) at a concentration of 28 units/ml 15 at 50ЊC for 8 hr prior to addition of final sample buffer. The enzyme was denatured at 100ЊC for 5 min, and the samples were mixed with two volumes of sample buffer and loaded for SDS-PAGE using a 4.5% stacking gel and a 10% separating gel. The gels were run at 100 mA at 4ЊC for 2-3 hr.
Western immunoblot assay. Resolved antigens were transferred to a nitrocellulose membrane (pore size ϭ 0.5 m) at 195 mA at 4ЊC for 3-4 hr. 15 Nonspecific binding sites on the nitrocellulose sheets were blocked overnight with PBS-5% nonfat powdered milk. The blocked sheets were washed in PBS, air-dried, and stored at Ϫ20ЊC until needed. The diluted sera (1/64 in PBS-5% nonfat powdered milk) were incubated with strips of the transferred antigens for 1 hr at room temperature. The strips were rinsed once and washed in PBS-0.05% Tween 20 for 10 min. Horseradish peroxidase-conjugated goat anti-human IgA, IgG, and IgM (H ϩ L chain) (Kirkegaard & Perry Laboratories, Inc.) at an optimal working dilution of 1/1,000 was used as the secondary antibody. The strips were then rinsed and washed again, and the immunoreactive bands were developed with 3,3Ј-diaminobenzidine-hydrogen peroxide. Finally, the strips were washed with tap water and air-dried.
Statistical analysis. The Yates and Mantel-Haenszel corrected chi-square tests were used to compare frequencies. A difference was considered significant when P Յ 0.05.
RESULTS
The IFA indicated that of 390 tested sera, 22 (5.6%) contained antibodies that reacted with R. akari. Twelve (3.1%) showed an endpoint titer of 1/64 and 8 (2.1%), a titer of 1/ 128. The maximum titer observed was 1/256 for two sera (0.5%) ( Table 1) . Moreover, among the same group of reactive sera, it was observed that some demonstrated a crossreaction among two or three different antigens. Two (0.5%) were reactive with only R. akari and R. rickettsii, three (0.8%) were reactive with R. akari, R. rickettsii and TT-118, and the two (0.5%) sera with the highest titers were reactive with R. akari and R. typhi with titers that were 4-fold higher for R. akari.
The Western immunoblot analysis confirmed the IFA results. All 22 (5.6%) of the IFA-reactive sera contained antibodies immunoreactive with the LPS bands of R. akari (Figure 1) . The blots did not show any reaction of the sera with the proteins of the Rickettsia species examined that are characteristic of SFG species, including rickettsial outer membrane proteins A and B (rOmpA and rOmpB). 15 The complete protease digestion allowed the differentiation of whether the reaction was between low molecular weight proteins or LPS. Positive control sera, mouse polyclonal hyperimmune anti-R. akari serum, and mouse monoclonal anti-SFG rickettsial LPS antibody U28 showed the expected profile, which included rOmpA, rOmpB, and a ladder of bands of LPS.
We also observed a cross-reaction with R. rickettsii by Western blot. Twelve of the 22 R. akari-reactive IFA-posi- tive sera contained antibodies immunoreactive with the LPS bands of R. rickettsii. The positive controls were the antigens and antibodies of the homologous species. On the other hand, there was no reaction among the R. akari IFA-positive sera by Western blot to any antigen of R. typhi. Twelve randomly selected sera negative by the IFA were also negative by Western immunoblot. Neither the IFA nor the Western blot assay allowed us to establish the circulating Rickettsia species that stimulated the antibodies present in the population of Yucatán.
Demographic analysis. The mean age of the sampled population was 38.4 years, while the mean age for those with IFA-positive sera was 40.2 years. The difference between positivity of sera according to age was not statistically significant. In addition, 60% of the tested population were males, but only 37% of those with IFA-positive sera were males. This difference was not statistically significant. There were no significant differences in the prevalences of antibodies among the various geographic locations.
DISCUSSION
This survey demonstrated the presence of anti-rickettsial antibodies in the human population of the State of Yucatán, with a seroprevalence of approximately 5%. The major immunoreactivity was clearly observed to be directed against the LPS of R. akari. In addition, the observed cross-reactivity in both the IFA and Western immunoblot is likely to be due mainly to this immunoreactivity to the rickettsial LPS, which contains epitopes shared among SFG rickettsiae. In the same way, the lack of cross-reactivity in the remaining nine sera samples with the lowest titer (1/64) is not surprising, probably because the quantity of antibodies was less than the limit of detection for some of the species in this kind of test. The absence of detected reactivity with the specific high molecular weight proteins (rOmpA and rOmpB) [14] [15] [16] [17] [18] [19] prevents the conclusion that R. akari (or any of the analyzed species) is the etiologic species for this humoral immune response. Even though the serologic investigation did not establish the specific causative organism either by IFA or by Western immunoblot, the data indicate that the etiologic agent belongs to the SFG. As mentioned in other reports, human cases of spotted fever rickettsiosis have been accurately characterized using Western immunoblotting. [16] [17] [18] [19] Based on the immunoblotting and IFA data, we would predict that the rickettsia is a member of the SFG other than R. akari, R. rickettsii, and R. honei, but likely more closely related to R. akari. By itself, as in this study, Western immunoblotting can also indicate that there is a new antigen circulating in the region. Based upon the recent identification of R. felis in a patient and in cat flea (Ctenocephalides felis) in Yucatán and our opinion that R. felis is a member of the SFG, we hypothesize that R. felis might be the etiologic agent of a prevalent dengue-like illness in Yucatán (ZavalaVelazquez JE, Ruiz-Sosa J, Walker DH, unpublished data). 20 Due to the inability to cultivate R. felis routinely in adequate quantities, Western immunoblot studies of these sera and cross-absorption studies have not been performed. The presence of antibodies reactive with R. typhi in the IFA in a small proportion of the SFG rickettsia-reactive population could be the result of a response to a common antigen shared between the SFG and typhus group rickettsiae. 11, 21 Attempts to isolate or detect a Rickettsia in more than 1,000 ticks (including Amblyomma cajennense and Rhipicephalus sanguineus) in the State of Yucatán by the polymerase chain reaction have been unsuccessful. Due to the presence of an SFG rickettsial disease of which the causative agent is not currently identifiable serologically and because of the potential existence of pathogenic or non-pathogenic rickettsiae in tick species that have not been examined in Yucatán, the possibility of a tick-borne Rickettsia sp. cannot be completely excluded. The present study reflects an approximate seroprevalence, and only after the specific antigen can be examined will the real seroprevalence be established, with most likely a similar or higher value than that reported. 
